biofilm samples, as examples, collected from an acidic spring water stream in t h e 3 7
Chyatsubomi-goke Park in Gunma prefecture, Japan. Our analyses revealed the 3 8
predominance of iron and sulfur-oxidizing bacteria and Pinnularia diatoms, and also 3 9
indicated that the distributions of the iron-sulfur-oxidizing bacterial consortium and the
0
Pinnularia diatoms largely overlapped but showed distinct patterns. In addition, our 4 1
analyses showed that the iron-oxidizing bacterial genus Acidithiobacillus and 1 3 8
The scheme of sequence processing is outlined in Fig. 2 . Sequence reads were 1 3 9
trimmed and quality-filtered using program Trimmomatic [7] in paired-end mode with a mapping to the SSU rRNA sequence database SILVA release 108 for QIIME [8, 9] . Mapping was performed using Bowtie2 [10] with a local alignment mode and single-or paired-end modes. The data generated by Bowtie2 were converted to the sorted binary
sequence alignment/map (BAM) format, using samtools [11] , and the number of mapped
reads were counted using the eXpress program package [12] . The read count data were 1 4 7 6 integrated into taxon information and utilized for secondary analyses (see below).
4 8
Reads unmapped to the SILVA SSU rRNA database by paired-end mode were Genes and Genomes (KEGG) [14] was performed, and a K number was assigned to each 1 6 0 of the ORFs. These functional annotations were combined with the read count data, and 1 6 1 rank abundance curves were constructed. The read count data for both SSU rRNA and ORFs were subjected to secondary analyses. First, we performed normalization of the read count data, following a negative this analysis, the reads were divided into two groups: the "upstream group" (samples 1a less than 10 mapped reads in total from all samples were excluded. The calculation with
the DESeq2 package was performed using the TCC package in R [15] .
Network analysis was performed based on Spearman's rank correlation connection between source and target with collected high positive correlation coefficient
(r > 0.7) from correlation coefficient matrix [17] . The raw read count datasets were used also for calculating rarefaction curves using Past3.14 [18]. We performed qPCR to quantify the expression level of genes and to compare Swiss-Prot/UniProtKB database. Primer sequences for qPCR are shown in Table. 1.
Sequencing libraries were used as templates for qPCR, although one of the downstream group were subjected to qPCR using the KAPA™ SYBR® Fast qPCR Kit triplicate. The amount of template DNA was adjusted, using the KAPA™ Library Quantification Kit for Illumina (KAPA Biosystems, MA USA). Total RNA sequencing of the six biofilm samples (1a, 2a-c, and 3b,c) 2 1 0 generated 770,334 to 1,320,217 read pairs, and >80% reads passed the quality check 2 1 1 (Table 2 ). These reads were analyzed using our mapping-based ARIseq pipeline (Fig 2) .
Of the reads, 45.7% were mapped to the SILVA SSU rRNA sequence database, using the 2 1 3
single-end mode option of Bowtie2 (Table 2) . When using the paired-end mode, mapped 2 1 4 reads were only 5.1%; thus, we used the results obtained using the single-end mode for 2 1 5 quantification data. We here only considered quantification of SSU rRNA genes sharing a 2 1 6
high sequence identity with those in the reference database, Therefore, the unmapped
reads should contain other SSU rRNA, large subunit rRNA, and non-coding RNA, which
can be identified and removed in the following annotation step. Unmapped reads against the SILVA database by paired-end mode mapping were used for a de novo assembly process using Trinity, and then ORFs on the contigs 2 2 6
were predicted by using TransDecoder. These ORFs were used as the reference sequence 2 2 7
database for mapping analysis to obtain gene expression profiles. In the single-end mode 2 2 8 of Bowtie2, 17.2% of the reads were mapped onto this self-made database, whereas only 2 2 9
2.7% of the reads were mapped in the paired-end mode, (Table 2) . Here, we again
employed the results from the single-end mode for subsequent analyses. Read count data for both SSU rRNA and ORFs were obtained using the sequence efforts (i.e., number of reads) for both rRNA and ORFs were sufficient or nearly sufficient to obtain most variations in the RNA samples except for the SSU rRNA of the downstream samples 3a and 3b. All read count datasets were subjected to the 2 3 6 normalization processes with DESeq2 and annotation using Trinotate, BlastP, and Ghost results were listed in S1 and S2 Tables. In the normalized read count data, gene expressions of several rRNA or ORFs rRNA read count data (Fig 4a) . In contrast, aquatic larvae of the non-biting midge
Chironomus tentans (taxon 5111) were found abundant only in the downstream sample 3a 2 5 1 (Fig 4a) . Although insects are not microbes, we here included them because they
probably have a great impact on the biofilm ecosystem. These expression patterns were well congruent with the results obtained by qPCR analyses (Fig 4b) . ORF read count data
showed that the ORF for peptide 9499 was most highly expressed in the upstream samples (Fig 5a) . These results were also congruent with those from qPCR analyses (Fig   2  5  7 5b). Thus, our ARIseq analysis pipeline generated quantitatively reliable results for both 2 5 8 rRNA and expressed ORFs. abundance of these taxa evaluated by qPCR. Relative abundance of these ORFs evaluated by qPCR. analysis (Fig 7a) . Six clusters were recognized, and each distribution pattern is shown in (samples 3a,b), whereas members of clusters 3, 4, and 5 were found mostly at upstream
sites (samples 1a and 2a-c). Because the reads assigned to clusters 2, 5, and 6 were 2 7 7
relatively few, we focused only on clusters 1, 3, and 4 for comparisons. rRNA for taxa assigned to each cluster. Chironomus midge larvae, Pinnularia diatoms, and Acidithiobacillus bacteria oxidizes sulfur and iron, and is frequently found in acid mine drainage [19] [20] [21] [22] . In this
